Restoration is playing an increasingly important role in ecology as natural 21 habitats become scarcer and chances to restore ecosystems damaged by human activities 22 are more common. However, restoration of degraded Mediterranean arid ecosystems is 23 hampered by drought and poor soils, which cause many establishment failures. To 24 compare how species belonging to different successional stages establish in a very 25 stressful site, we carried out a field experiment with 14 tree and shrub species differing 26 in functional traits. After three growing seasons, mid-successional shrubs such as the 27 leafless Ephedra fragilis and the C 4 Salsola oppositifolia, or green-stemmed legumes 28
Introduction 44
Human impact on ecosystems is substantial and increasing, causing an enormous 45 range of changes and direct and indirect effects. Indeed, between one third and half of 46 the Earth's surface has been altered by human activities (Vitousek, Mooney, Lubchenco 47 & Melillo 1997) and there is hardly any pristine area left. 48
Ecosystems in the western Mediterranean basin are amongst those which have 49 undergone the most intense changes in land use in the last 500 years (Puigdefábregas & 50 Mendizábal 1998) . The expansion of crops, timber, and population growth until the 51 beginning of the 20 th century eroded almost completely the natural vegetation in many 52 areas, while in others grazing and logging selectively harvested trees and shrubs from 53 woodlands. In the second half of the twentieth century, population concentration in 54 urban areas led to the abandonment of farm life and, consequently, of practices designed 55 to control soil losses in steep hills, such as terraces. Indeed, one of the biggest 56 challenges of restoration ecology lies particularly on abandoned land and old fields 57 (Cramer, Hobbs & Standish 2008; Young 2000) , as natural and seminatural habitats 58 become scarcer and degraded territories are more common (Hobbs & Harris 2001; 59 Prach, Bartha, Joyce, Pysek, van Diggelen et al. 2001) . 60
Often the first step in restoration is the re-establishment of the local species pool 61 by actively planting pre-disturbance species (Palmer, Ambrose & Poff 1997; Parker 62 1997) . However, the success of community restoration in arid environments is 63 especially at risk due to very stressful ecological conditions. Drought, together with 64 high temperatures, high irradiance, grazing, and infertile soils, threaten the survival of 65 planted saplings (García-Fayos & Verdú 1998; Maestre, Cortina, Bautista, Bellot & 66 Vallejo 2003 and plant traits determine restoration success (but see Pywell, Bullock et al. 2003) . 73
Over the past years, land managers have preferentially used late-successional 74 species in restoration projects, especially trees and large shrubs based on the idea that 75 these will accelerate succession and improve ecosystem resilience (Bonet 2004) . On the 76 other hand, the use of small shrubs such as mid-successional species is still rare for 77 unknown reasons. The pace of colonization processes and secondary succession in 78
Mediterranean arid environments is rather slow ( a low ratio of leaf-to-total photosynthetic area, which is advantageous in dry, high 88 irradiation habitats (Valladares, Hernández, Dobarro, García-Pérez, Sanz et al. 2003) . 89 in arid environments (but see a first attempt in Padilla, Pugnaire, Marín, Hervás & 95 Ortega 2004) . We compared sapling survival of both ecological groups, and we 96 hypothesized that survival of mid-successional shrubs would be higher than that of late-97 successsional species because of their greater adaptation to cope with drought. We 98 planted 14 tree and shrub species that potentially could be used in the restoration of 99
Mediterranean arid shrublands in a very stressful environment in SE Spain and watered 100 half of them in summer to look at drought effects on the survival of each species. 101
102

Materials and methods 103
Experimental site 104
The experimental area is located in the Sierra Alhamilla range (Almería, Spain, 105 37º99'N, 02º99'W, 650 m a.s.l.). Restoration of this deforested area had been attempted 106 several times in the last years resulting in complete failure because of its very low 107 rainfall and infertile soils. Here, we used this site as a representative case-study of 108 limiting arid environments. We selected two 1-ha plots on opposite, moderate slopes to 109 account for the different environmental conditions. Plant communities, soils, and slopes 110 (<20%), were very similar in both plots, differing only in aspect. There was a relatively 111 more humid, east-facing slope and a relatively drier, west-facing slope (see Appendix 112
A: Table 1 environments is rather slow, with scant occurrences of mid-successional shrubs 128
Ephedra fragilis, Salsola spp., and the legumes Retama sphaerocarpa, Genista spp. and 129
Coronilla juncea. 130 131
Species and experimental design 132
We tested sapling survival of a wide range of native shrub and tree species that 133 potentially can be used in the restoration of these dry environments. We selected species 134 that usually occur in mid-successional stages as well as late-successional species. Early-135 successional species, such as scrub, were not selected because they were already present 136 in the experimental site. Among the mid-successional species we selected the shrubs 137
Coronilla juncea L., Ephedra fragilis Desf., Genista umbellata (L'Hér.) Dum. Cours., 138
Lycium intricatum Boiss., Retama sphaerocarpa (L.) Boiss. and Salsola oppositifolia 139
Desf. These species usually occur in open environments, and exhibit morphological and 140 physiological adaptations to cope with very dry environments; Ephedra, Coronilla, 141
Genista and Retama are green-stemmed or leafless shrubs, the latter three being On the whole, survival data after three years showed that water supply during 198 summer did increase sapling performance of mid-successional species such as 199 Coronilla, Ephedra, Genista, Retama and Salsola (Figure 2 ), but very high survival 200 rates were reported even for unirrigated saplings of these species. They clearly survived 201 best, attaining establishment rates close to 50% without water supply, and generally 202 well above this number if watered: 93% for Genista, 83% for Retama, and 75% for 203
Ephedra. 204
Survival of late-successional species was notably lower than that of mid-205 successional species, and in some cases survival of unirrigated, mid-successional 206 species was higher than that of irrigated, late-successional species. Water supply 207 boosted establishment rates of most late-successional species, particularly those of 208 Juniperus spp., Tetraclinis, Ziziphus, Olea and Pistacia, but these species mostly died 209 without irrigation (i.e., survival <25%). As an extreme case, we recorded very low 210 survival (<10%) for irrigated Ceratonia trees, suggesting that in this species more 211 watering should be provided to secure establishment. habitats at least at the seedling stage. It is thus likely that these species are better suited 229 to cope with drier climate predicted by global change scenarios. Second, mid-230 successional species having the highest survival, except Salsola, had green stems and 231 remained leafless for most of the year. This low ratio of leaf to total photosynthetic area 232 prevents water losses and injuries from high irradiance in high irradiation habitats. 233
Thus, leaflessness seems a trait involved in high sapling survival in arid environments. 234
In Salsola, however, the C 4 photosynthetic pathway is an advantage under high 235 irradiance and temperature. Third, the best survivors were mostly leguminous shrubs. 236 Valladares, Villar Salvador et al. (2002) found that Rhizobium inoculation enhanced the 237 early performance of Retama saplings in very poor soils, so N-fixing bacteria likely 238 favoured endurance of leguminous shrubs in these unfertile sites. 239
11
In ecological terms, restoration of arid shrublands should not only aim to install 240 a number of desired species, but should also speed up succession and restore ecosystem 241 functioning to pre-disturbance levels (Aronson, Floret, Le Floc'h, Ovalle & Pontanier 242 1993; Palmer et al. 1997; Parker 1997; Prach et al. 2001) . In this sense, we believe that 243 using colonizers, legumes and/or leafless species in restoration of very stressful habitats 244 may contribute to ecosystem restoration in several ways. shrubs would help restore soil fertility as these species tend to reduce erosion processes 272 (Bochet, Rubio & Poesen 1998; De Baets, Poesen, Knapen, Barber & Navarro 2007) . 273
In conclusion, we underline a new approach in the restoration of arid sites,which 274 the ecology of the site and the appropriateness of the initial species restored play a 275 pivotal role. In this framework, species selection is a critical step that should be 276 carefully considered. Early colonizers, legumes, and leafless species should be preferred 277 to late-successsional species in arid regions. Selection of species with these traits is key 278 for successful restoration of arid ecosystems. In practical terms, using these species 279 would save an enormous amount of money and manpower as no watering would be 280 needed to ensure establishment, and enhanced survival of implanted saplings would 281 reduce costs of replanting. 
